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ABSTRACT 


>1 


A  conventional  motorized  street  fluaher  vas  evaluated  as  a  suit¬ 
able  decontamination  tool  to  be  used  in  the  operational  recovery  of 
extensive  paved  areas  contaminated  with  fallout  from  a  land-surface 
nuclear  detonation.  The  selection  of  fallout  parameters  such  as  par¬ 
ticle  size  and  initial  mass  levels  vas  based  on  a  theoretical  fallout 
model. 

Hie  flusher  nozzle  orientation  vas  adjusted  for  maximum  decontami¬ 
nation  effectiveness.  This  adjustment  can  be  applied  to  any  flushe: 
to  be  used  for  similar  purposes.  Using  a  fixed  set  of  flusher  adjust¬ 
ments  and  constant-size  test  area,  the  effects  of  4  particle  size 
ranges,  3  mass  levels,  and  2  types  of  surfaces  on  removal  effectiveness 
were  determined. 

The  least  effective  removal  by  flushing  (2.2  g/ft2  residual  mass) 
for  a  given  expenditure  of  effort  vas  obtained  at  high  initial  mass 
loadings  (100  to  600  g/ft 2)  on  asphalt  surface  using  small  particles 
(44-88  u  and  88-177  iO  •  The  best  removal  effectiveness  by  flushing 
(0.06  g/ft2  residual  mass)  for  the  same  expenditure  of  effort  vas 
obtained  using  iov  initial  mass  leading  (20  g/ft2)  on  concrete  surface 
with  350  to  700  u  particle  sizes. 

A  majority  of  the  tests  conducted  vere  in  agreement  vith  previously 
developed  theoretical  equations  describing  decontamination  in  terms  of 
residual  mass  as  a  function  of  expended  effort. 
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SUMMARY 


The  Problem 


Reclamation  of  extensive  paved  areas  contaminated  with  fallout 
from  a  land-surface  nuclear  det oration  may  be  required.  The  decon¬ 
tamination  procedure  used,  of  the  several  available,  depends  on  the 
particular  environmental  and  contamination  conditions  in  conjunction 
with  the  capabilities  of  the  procedures.  In  regions  where  an  adequate 
water  supply  is  available,  vet  decontamination  such  as  motorized  flush¬ 
ing  may  be  the  primary  procedure;  or  it  may  be  used  in  combination  with 
dry  procedures  as  a  final  clean-up  method.  Therefore  motorized 
flushing  should  be  evaluated  under  predicted  fallout  conditions  of 
mass  loadings,  particle  sizes,  and  surface  roughness.  Variation  in 
machine  parameters  such  as  water  pressure,  nozzle  orientation,  and 
speed  should  be  tested  to  determine  the  conditions  of  optimum  effec¬ 
tiveness  for  decontamination  purposes. 

Findings 

Using  radionuclide-traced  sand  to  simulate  dry  fallout  frau  a 
nuclear  weapon  detonation  on  a  land  surface,  motorized  flushing 
effectiveness  data  were  obtained  f O’"  one  optimum  combination  of  machine 
and  operational  parameters.  Hds  optimum  combination  was  tested  under 
several  environmental  conditions  including  mass  levels  of  20,  100,  and 
600  g/ft2,  and  particle  size  ranges  of  44-88  p,  88-177  n,  177-350  u 
and  350-700  dj  °n  asphalt  and  concrete  surfaces. 

The  effectiveness  achieved  depended  upon  the  critical  adjustment 
of  flusher  parameters  which  included  nozzle  orientation  and  nozzle 
pattern  adjustments.  The  highest  degree  of  effectiveness  achieved  was 
with  low  mass  loadings  (20  g/ft2)  on  concrete  surface  using  large  par¬ 
ticle  sizes  (350-700  p  and  177-350  d).  The  observed  rate  of  removal 
as  well  as  final  residual  mass  obtainable  were  a  function  of  mass  load¬ 
ing  and  particle  size. 


ii 


i 


CONTENTS 


ABSTRACT .  i 

SU3-MARY . ii 

CHAPTER  1  INTRODUCTION  .  1 

1.1  Background  and  History .  1 

1.2  Objectives . . . . .  2 

1.3  Approach . 3 

1.4  Scope .  4 

CHAPTER  2  TEST  PROCEDURES  AND  MEASUREMENTS  .....  .  6 

2.1  lest  Site . 7 

2.2  Description  and  Adjustment  of  Plusher.  ...  .  9 

2.3  Production  of  Fallout  Simulant . 12 

2.4  Dispersal  of  Fallout  Simulant . 1 6 

2.5  Measurement  Technique . 17 

2.6  Test  Procedure .  21 

CHAPTER  3  RESULTS  AND  DISCUSSION . 27 

3.1  Comparison  of  Tests .  28 

3-2  Effects  of  Article  Size,  Mass  Levels  and 

Surface  lype . 44 

3.3  Water  Consumption . ..49 

3.4  Experimental  Error  . . 45 

3-5  Flushing  Theory . 46 

3.6  Comparison  of  Motorized  Street  Flushing  and 

Motorized  Street  Sweeping.  ....  .  47 

CHAPTER  4  CONCLUSIONS  AND  RECOMMENDATIONS . 51 

4.1  Conclusions . . .  51 

4.2  Recamenaations . 52 

REFERENCES . 53 

APPENDIX  A  PRELIMINARY  TESTS.  . . 54 

APPENDIX  B  PHYSICAL  AND  RADIOLOGICAL  PROPERTIES  OF 

FALLOUT  SIMUIANT . 56 

APPENDIX  C  CORRECTED  RAW  TEST  DATA . 63 

APPENDIX  D  STREET  FUJSHER  SPECIFICATIONS . 75 


iii 


1 


TABLES 

1.1  Estimated  Itrnge  of  Fallout  Environment  Parameters . u 

1.2  Scope  cf  Test  Conditions . . . 5 

2.1  Optimum  Nozzle  Settings  and  Pressures  . . .  l6 

3-1  Residual  Mass  Levels  (g/ft2)  Attained  by  Flasher  for 

Various  Fallout  Conditions . 7.') 

3.2  Fit  of  Equation  3*2  to  Test  Data . 48 

A. l  Effect  of  Initial  Mass  Level  on  Flushing  Efficiency  ....  55 

B. l  Physical  and  Radiological  Properties  of  Fallout 

Simulant  Batch  No.  1  Having  a  Nominal  Particle  Size 

Range  350  p  to  700  p . 57 

B.2  Physical  and  Radiological  Properties  of  Fallout 

Simulant  Batch  No.  2  Having  a  Nominal  Particle  Size  Range 
177  p  to  350  . 5 £ 

3.3  Physical  and  Radiological  Properties  of  Fallout 
Simulant  Batch  Mo.  3  Having  a  Nominal  Particle  Size 

Range  88  p  to  177  p . 59 

B. 4  Physical  and  Radiological  Properties  of  Fallout 

Simulant  Batch  No.  4  Having  a  Nominal  Particle  Size 

Range  44  p  to  88  p . 60 

C. l  Corrected  Rav  Data  for  Motorized  Flushing . 64 

FIGURES 

£.1  Special  Test  Area  for  Evaluation  of  Wet  Decontam  nation 

Procedure . 8 

£.2  Street  Flusher  Performance  .  10 

£.3  Calibration  of  Nozzle  Flo*  Rates  at  Pressures  of 

Interest .  11 

2.4  Street  Flusher  Nozzle  Geometry .  13 

2.5  Front  Nozzle  Operation  Showing  Protractor  Bar  Used  to 

Obtain  Proper  Nozzle  Orientation .  l4 

2.6  Three-nozzle  Operation  at  Settings  Used  for  Evaluation 

Tests . 15 

2.7  Dispersal  of  Synthetic  Fallout  on  Test  Area  by  Har.d- 

Pulled  Garden  Spreader  . . l8 

£.8  4 -pi  Ionization  Chamber . 19 

£.9  Measuring  Radiation  Intensity  of  Synthetic  Fallout 

with  Scintillation  Counter  and  Hand-held  Radiac.  .....  20 

2.10  Plan  of  Test  Area  Showing  Contaminant  Control  Features 

and  Flusher  Pass  Sequence . .  .  £3 

2.11  Second  Flushing  Pass  at  Curb  Using  Three  Nozzles.  ....  24 

2.12  Flushing  Contaminant  From  Side  Splash  Boards  ir.to  Drain 

Ditch  Before  Thking  Radiation  Reading  on  Test  Surface.  .  .  25 

3. 1-3*4  Comparisons  of  Effects  of  Farxicle  Size  on  the 

Decontamination  Performance  of  a  Conventional  Motorized 
Street  Flusher,  Using  Test  Procedures  Described  in 
Section  2.6.  ................  .  . 


iv 


BEHOYAL  EFFECTIVENESS  OF  SIMULATED  DRY  PALLOJT  FRCH  PAVED  AREAS  Si 
CONVENTIONAL  MOTORIZED  STREET  TUSKER 

USNRDL-TS-797,  dated  18  June  196!) 
by  D.  E.  Clark,  Jr.,  and  V.  C.  Cobbir. 

SOCIAL  SUMMARY  (pages  A-D,  inclusive;  for  UCD  use  as  detached 
document) 


PURPOSE  AND  OBJECTIVES 

Recovery  from  a  land-surface  nuclear  weapon  detonation  requires 
that  proper  countermeasures  be  used  during  the  various  phases  of  rsdlo- 
loclcal  recovery  activity.  In  regions  where  enough  water  la  available 
for  large-scale  decontamination,  motorized  flushing  could  be  applicable 
to  cleaning  extensive  paved  areas  such  as  streets.  To  determine  the 
decontamination  capability  of  a  commercially  available  motorized  street 
f lusher ,  one  was  tested  under  controlled  environments  of  simulated 
fallout  using  optimum  machine  adjustments. 

Previous  evaluation  of  wet  decontamination  procedures  and  the 
recently  developed  concepts  of  fallout  environment  simulation  indicated 
tint  the  evaluation  tests  attempt  to: 

a.  Verify  previously  established  wet  method  contamination  para¬ 
meter  relationships,  or  establish  new  relationships. 

b.  Determine  specifically  and  separately  the  effects  of  the 
following  on  decontamination  effectiveness: 

(1)  Deposited  initial  mass  levels. 

(2)  Particle  size. 

(3)  Surface  roughness. 

A  study  was  made  of  the  removal  effectiveness  of  simulated  fallout 
from  asphalt  and  concrete  surfaces  by  a  motorised  street  f luaher,  and 
the  following  objectives  were  met; 

a.  Measure  and  select  the  best  operative  conditions  far  available 
motorized  street  f  lusher  a,  including  improvements  in  equipment  design 
and  operational  procedures. 

b.  Determine  the  decontamination  effectiveness  of  motorized 
street  flushers  performing  at  optimum  operating  conditions  of  nozzle 
orientation,  water  pressure,  and  forward  speed,  In  the  removal  of  fall¬ 
out  simulant  of  -srious  particle  sizes  and  mass  loadings  from  paved 
surfaces  of  espbaxt  and  concrete. 
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Optima  u,er»tlwe  condition*,  and  adjustment*  noule  orienta¬ 
tion  and  vater  pressure,  were  determined  by  small-scale  preliminary 
testa.  Then  2:’  full-scale  tests  were  conducted  at  one  Intermediate 
upeed  ( 6  apt)  and  the  beet  operational  procedure  (involving  flashing 
sequence  and  noxtle  arrangement)  to  determine  the  effect  of  surface 
roughness  sod  fallout  parameters  of  anas  loading  and  particle  else  on 
decontamination  effectiveness.  The  extent  to  which  these  effects  were 
Investigated  by  the  22  tests  is  ladle,  ted  in  tbs  table  below* 


Initial  Hess 

<«M£) 

Surface 

Type* 

Particle  Site  ftage**  (u) 

<M-O0 

*J-1T7 

177-350 

350-766" 

20 

A 

X 

X 

XX 

X 

20 

C 

X 

X 

XX 

X 

100 

A 

X 

X 

XX 

X 

100 

C 

X 

X 

XX 

X 

6oo 

A 

X 

6oo 

C 

X 

*A  -  Aapfcmlt 


C  -  concrete 

•n  -  Indicates  one  test  run. 
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Three  types  of  factor  Influence  r lusher  cleaning  effectiveness : 

(a)  environmental  conditions,  such  as  surface  type  and  roughness,  con¬ 
taminant  particle  else,  and  mm  loading;  (bj  smcMne  characteristics, 
such  as  nosale  design  and  configuration,  stream  pattern,  and  water  pres¬ 
sure;  (c)  operational  or  procedural  qualities,  such  as  flushing  seq¬ 
uence,  forward  speed,  and  directional  control. 

a.  for  all  enviromeotal  conditions,  removal  effectiveness  is 
m^m-  vben  both  forward  noasles  are  orientated  such  that  the  two  Jet 
stress  planes  Intersect  the  surface  In  one  straight  line,  which  is 
canted  at  55°  with  the  direction  of  travel.  The  dip  angle  of  the  left 
front  noule  is  10°  and  that  of  the  right  front  noule  is  22°,  and  tbs 
dihedral  angles  ere  aero. 

b.  for  s  given  amount  of  effort  the  rate  of  removal  as  wall  as 
lowest  final  residual  aass  obtainable  was  a  direct  function  of  particle 
else  and  an  inverse  function  of  wees  loading. 
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'•*  H>e  highest  degree  of  effectiveness  vae  achieved  on  concrete 
surfaces,  at  low  nasa  loadings  (20  g/ft2),  and  with  the  large  particle 
size  range  (j^O-TOO). 

d.  Hie  previously  developed  theoretical  cleaning  equation  (des¬ 
cribed  below)  fit  the  data  for  13  out  of  22  of  the  tests. 


CONCUJ5IOHS 


The  conclusions  suggested  by  the  test  results  are  as  follows: 

a.  The  adjustments  and  orientation  of  the  nozzles  described  la 
Section  2.2  of  this  report  can  be  applied  beneficially  to  aoet  com- 
mfcrcial  street  flushers. 

b.  Under  conditions  similar  to  those  tested,  fallout  parameters 
and  surface  type  will  probably  Influence  flushing  effectiveness  In  the 
following  way: 

(1)  High  initial  eass  levels  will  be  harder  to  reswve  than  low 
initial  mss  levels. 

(2)  EMail  particle  sisea  will  be  acre  difficult  to  remove  than 
large  particle  sixes. 

(3)  Rough  asphalt  surfaces  will  retain  a  greater  residual  sees 
than  screed ed  concrete  surfaces. 

c.  Motorised  flushing  Is  an  affective  dccontamlnetion  procedure 
for  recovery  of  extensive  paved  areas.  If  tin  following  problems  are 
recognised  and  overccae:  (l)  possible  water  shortage;  (2)  Insufficient 
master  of  flushers;  (3)  excessive  accumulation  of  flushed  material  due 
to  high  initial  mass  levels,  or  the  accelerated  build-up  of  flushed 
material  in  an  extensive  area  having  a  low  Initial  Mass  level;  and  (k) 
the  safe  handling  and  ultimate  disposal  of  the  flushed  wterial. 

d.  The  perforeance  of  notorized  street  flushers  can  bs  reasonably 
described  by  the  flushing  equation: 

M  -  M*  +  (Mq-H*)  e"3* o8^3 

where  M  la  the  residusl  aass  (g/ft^)  after  finite  effort  expenditure  B 
H*  is  the  residual  seas  (g/ft^)  at  an  Infinite  effort  level 
Mo  Is  the  Initial  mass  level  (g/ft2) 

Kq  is  the  proportionality  consta  it  expressing  reawil  rate 
E  la  effort  expended  (equlpaer*  ala/10*  ft2) 
e“3^o SV3  is  the  fraction  of  removable  sees  remising  after 
expending  effort,  B, 
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RECOMMENDATION:  '■ 


Since  tin-  .-.eric;-.  of  t.eii!,s  conducted  represents  a  very  limited 
effort,  tlio  i  .'l  lovin;  I river.  Ligations  are  recomended : 

a.  Further  tests  should  be  conducted  to  explore  possible  improve¬ 
ments  in  fluster  design  and  operating  techniques. 

b.  Investigations  should  be  made  to  determine  vl  tether  a  ctmblna- 
tion  method  (r.uch  as  sweeping  followed  by  flushing)  might  show  Improved 
performance  on  higher  mass  loedtngs. 

c.  Additional  tests  should  be  made  to  determine  the  effects  of 
increased  speed  and  nozzle  pressure  upon  f lusher  performance. 

d.  Since  the  present  test  data  did  r.ot  completely  substantiate 
the  cleaning  equation,  further  investigations  should  be  made  to  either 
verify  the  equation  or  develop  a  new  one. 

e.  large-scale  tests  should  be  performed  on  streets  extending  a 
block  or  more  to  obtain  planning  Information,  including  turn-around 
losses  and  RNg  dose  factors. 
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cams®  1 

INTRODUCTION 


After  the  shelter  phase,  recovery  from  a  land-surface  nuclear 
weapon  detonation  requires  that  proper  countermeasures  be  used  during 
the  various  phases  of  radiological  recovery  activity.  Decontamination 
is  the  major  countermeasure  to  be  used  during  the  operational  recovery 
phase  which  occurs  after  the  emergency  phase  of  shelter  protection  and 
before  the  long-term  recovery  phase  of  contamination  control. 

The  decontamination  procedure  to  be  used  in  each  contaminating 
situation  depends  upon  the  fallout  characteristics,  the  decontamination 
materials  and  equipment  available,  and  the  nature  of  the  surfaces  to 
be  decontaminated.  In  a  land-surface  detonation  the  radioactivity  is 
associated  with  the  particulate  fallout  material  in  such  a  way  that 
the  prime  criteria  for  decontamination  are  mass  removal  and  disposal. 

In  regions  where  enough  water  Is  available  for  large-scale  decontami¬ 
nation,  motor  flushing  could  be  applicable  to  cleaning  extensive  paved 
areas  such  as  streets. 

The  manner  in  which  most  motorized  flushers  are  used  ia  not  suit¬ 
able  for  decontamination.  Hie  usual  dust -nettling  spray  techniques 
are  not  compatible  with  high-pressure  water  transport  of  deposited 
fallout  particulate.  To  determine  the  decontamination  capability  of 
a  commercially  available  motorized  flusher,  one  was  tected  under  con¬ 
trolled  environments  of  simulated  fallout  using  optimum  machine  adjust¬ 
ments  which  gave  the  best  performance  in  preliminary  small-scale  tests. 


1.1  BACKGROUND  AND  HISTORY 


The  usefulness  of  motorized  flushers  for  decontamination  was  recog¬ 
nized  as  early  as  1952  when  operations  at  San  Bruno, ^  using  radio- 
tracer  Y^0  in  a  contaminant  of  seawater  slurry  at  an  initial  mass  ctf 
78.5  s/ft2,  required  a  flushing  flow  rate  of  0.5  gal/ft  to  reduce  the 
initial  maos  to  3  g/ft^. 
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At  Operation  Stonem&n  I2  in  1956  conventional  motorized  flushing 
was  used  on  dry  simulated  fallout  at  a  deposited  mass  level  of  250  g/ft2. 
Water  consumption  rates  of  0.5  gal/ft2  vere  used  and  produced  2  £  resi¬ 
dual  mass  levels. 

At  Operation  Stoneaan  II 3  in  1958/  conventional  and  improvised 
motorized  flushing  vere  tested  using  dry  fallout  simulant  at  10,  33,  and 
100  g/ft2  initial  deposit  mass  levels.  Using  improved  nozzle  adjustments 
and  higher  vater  pressures  than  before,  the  vater  consumption  rates  vere 
0.12  to  0.l6  gal/ft2  vith  a  residual  mass  level  from  1  to  6  £  of  the 
initial  mass  level. 

Motorized  flushing  at  Camp  Barks  in  1959  and  I960  during  Target 
Complex  Experiments  I  and  Ir*  and  III 5  was  an  integral  part  of  the  vhole 
recovery  sequence,  so  that  the  individual  effectiveness  of  the  flusher 
was  not  determined. 

Recently  developed  concepts  of  fallout  environment  show  a  relation¬ 
ship  between  deposited  initial  mass  and  particle  size  range. °  These 
model  relationships  have  permitted  the  systematic  selection  of  simulated 
fallout  environments  for  the  present  evaluation  of  a  motorized  street 
flusher  for  decontamination.  Previous  evaluations  of  vet  decontamination 
procedures3,k»5  and  the  recently  developed  concepts  of  fallout  environ¬ 
ment  simulation6  indicate  that  the  present  testB  should  attempt  the 
following:  (a)  to  verify  previously  established  vet  method  decontami¬ 
nation  parameter  relationships  or  establish  new  relationships;  and 
(b)  to  determine  specifically  and  separately  the  effects  of  deposited 
mass  level,  particle  size,  and  surface  roughness  on  decontamination 
effectiveness. 


1.2  OBJECTIVES 


The  present  series  of  motorized  flusher  evaluation  tests  vas 
intended  to: 

a.  Measure  and  select  the  best  operative  conditions  for  available 
motorized  street  flushers,  including  design  improvements  in  equipment 
and  operational  procedures. 

b.  Determine  the  decontamination  effectiveness  of  street  flushers 
performing  at  optimum  operating  cenditlons  of  nozzle  orientation,  vater 
pressure,  and  forvnrd  speed  in  the  removal  of  fallout  simulant  of  various 
particle  sizes  and  mass  loading  from  paved  surfaces  of  asphalt  and  con¬ 
crete. 


1.3  APPROACH 


The  breed  scope  of  the  objectives  implies  a  large  number  of  tests 
to  cover  all  combinations  of  parameters  for  flusher  &nd  expected  fallout 
environment.  To  reduce  the  number  of  tests,  a  fixed  optimum  combination 
of  machine  parameters  was  first  established.  This  combination  was  then 
applied  to  a  series  of'  different  fallout  environments  to  determine  the 
effect  of  several  environmental  factors  in  greater  detail. 

Optimum  machine  operating  conditions  were  established  as  follows: 

a.  A  single  intermediate  forward  speed  of  6  mph  was  selected  and 
maintained  throughout  the  test  series.  This  speed  provides  adequate 
maneuvering  capability  and  is  representative  of  flusher  operation  for 
e  majority  of  applications. 

b.  Water  pressure  was  maintained  near  maximum  to  impart  as  much 
kinetic  energy  as  possible  to  the  particulate  on  the  contaminated  sur¬ 
face. 


c.  Previous  experience  and  a  series  of  preliminary  tests  were  used 
to  establish  the  best  nozzle  attitude  settings,  location  on  flusher,  and 
use  of  individual  or  combinations  of  nozzles. 

Several  flushing  techniques  and  sequences  of  techniques  were  tried 
on  the  test  area  before  a  uniform  procedure  was  adopted  which  would  per¬ 
mit  an  accurate  determination  of  the  effect  of  environmental  factors. 

Environmental  factor  effects  were  then  determined  as  follows: 

a.  A  special  test  area  was  constructed  for  environment  control  to 
permit  rreasureaent  of  decontamination  effectiveness  as  reflected  by  re¬ 
sidual  mass,  using  either  a  material  weight  balance  technique  or  a  radio¬ 
nuclide-traced  fallout  simulant. 

b.  Equal  areas  of  asphalt  and  concrete  were  used  to  determine  the 
effects  of  surface  roughness.  Surface  roughness  of  pavements  can  be 
indicated  only  in  a  qualitative  manner  on  a  rexative  basis,  since  there 
is  no  standardized  method  of  comparing  two  surfaces  in  different  loca¬ 
tions.  For  these  tests,  only  one  concrete  area  and  one  asphalt  area 
was  used  to  provide  an  unchanging  surface  parameter  while  mass  level  and 
particle  size  effects  were  determined. 

c.  Four  available  particle  size  ranges  were  used  at  three  initial 
mass  levels  in  confonnance  with  recently  developed  concepts  of  fallout 
environment.®  Table  1.1  shows  the  estimated  range  of  fallout  environments 
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TAJ3I£  1.1 

Estimated  Range  of  Sellout  Environment  Parameters 


Particle 
Size  Range 

M 

it  «  »■  *  aa  t-U 

Weapon 

Yield 

(KT) 

Standard  Intensity 

(r/hr  at  1  hr) 

Initial 

Mass 

(e/fts) 

Downwind  Distance 
from  Detonation 
Point 
(mi) 

44-  88 

1-105 

1-  6,400 

0.3-192 

23  -180 

88-177 

1-105 

48-29,500 

1.4-885 

8.3-120 

177-350 

1-10  5 

110-24,000 

3.3-720 

4.0-  87 

350-700 

l-io5 

154-22,000 

4.6-ofcO 

2.2-  77 

simulated.  Corresponding  to  each  of  the  size  ranges  used  are  the  other 
environmental  factors:  estimated  ranges  of  veapon  yield,  standard  inten¬ 
sity  ,  initial  mass  level,  and  downvind  distances.  The  three  specific 
mass  levels  (20,  100  and  600  g/ft?)  chosen  for  the  tests  vere  within  the 
estimated  ranges  predicted  by  the  fallout  model.  These  levels  vere  held 
constant  so  that  particle  size  effects  could  be  determined. 

The  theoretical  implications  of  test  results  vere  analyzed  as  follows: 

An  I3M-70U  computer  vas  used  to  correlate  test  data  vith  the  pre¬ 
viously  developed  cleaning  equation.  The  equaticn3  in  the  form 

M  =  M*  +  (Mo  -  M*)  e_3K°  ®1^3 


vas  solved  for  13  of  the  22  tests  conducted.*  The  results  are  presented 
in  Section  3.5  shewing  the  estimates  of  the  equation's  coefficients 
3  K0  and  M*. 


1.!;  SCOPE 


The  limited  fundc  available  for  this  project  and  the  effort  involved 
in  getting  each  data  point  required  a  Judicious  expenditure  of  experimental 

•Terms  of  the  equation  are  defined  in  Section  3*5. 

it. 
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TABI£  1.2 


Scope  of  Test  Conditions 


Mass  Loading 
(s/ft2) 

Particle  Size 

M 

Surface 

Type 

20 

Vt-  88 

A 

20 

L4-  88 

C 

20 

88-177 

A 

20 

88-177 

C 

22 

177-350 

A 

20 

177-350 

C 

20 

35C-70O 

A 

20 

350-700 

C 

100 

4U-  88 

A 

100 

L4-  88 

C 

100 

88-177 

A 

100 

88-177 

C 

100 

177-350 

A 

100 

177-350 

C 

100 

350-700 

A 

100 

350-700 

C 

6oo 

88-177 

A 

6oo 

88-177 

C 

A  -  Asphalt 
C  =  Concrete 


effort.  Seventy  preliminary  small-scale  tests  were  run  to  determine 
optimum  machine  adjustments  of  nozzle  orientation  and  water  pressure  at 
one  intermediate  speed  and  the  best  operational  procedure  (involving 
flushing  sequence  cm  the  test  area  and  nozzle  usage  combinations).  Then 
22  tests  were  run  to  determine  the  effect  of  fallout  environment  para¬ 
meters  of  mass  level,  particle  size,  and  surface  roughness  on  decontami¬ 
nation  effectiveness.  Eighteen  separate  test  conditions  were  met  as 
shewn  in  Table  1.2  Four  of  the  22  tests  were  replications. 
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CHAPTER  2 


TEST  PROCEDURES  AMD  MEASUREMENTS 


Decontamination  of  paved  areas  covered  with  particulate  fallout 
from  a  land  surface  burst  involves  the  removal  of  radioactive  particles 
from  the  surface,  and  safe  disposal  of  the  material.  The  use  of  water 
as  a  decontaminating  agent  can  best  be  effected  by  the  we  of  a  motor¬ 
ized  f lusher  which  washes  the  contaminant  into  a  ditch  or  catch  basin 
or  to  some  collection  point  where  other  methods  must  be  used  for  ulti¬ 
mate  disposal.  It  is  therefore  of  interest  and  necessary  to  study  the 
operating  characteristics  of  motorized  f dun hers  to  optimize  their  use 
for  wet  decontamination. 

Three  types  of  factors  influence  f lusher  cleaning  effectiveness. 

The  first  type  includes  environmental  conditions  such  as  weapon  deto¬ 
nation  conditions,  surface  type  and  roughness,  and  contaminant  particle 
size  and  initial  mass  level.  The  second  type  includes  machine  character¬ 
istics  such  as  forward  speed,  nozzle  design  and  configuration,  and  water 
pressure.  The  third  type  includes  operational  or  procedural  factors 
such  as  contaminant  buildup  With  distance  covered,  contaminant  containment 
within  the  operation  area,  and  ultimate  accumulation  and  disposal  of  the 
contaminant. 

The  tenacity  of  adherence  of  dry  solid  particulate  fallout  to  a 
paved  surface  depends  upon  such  factors  as  the  force  of  gravity,  par¬ 
ticle  size,  and  surface  roughness.  Since  flushing  consists  of  physi¬ 
cally  moving  material  across  the  surface  to  a  collection  or  disposal 
point,  these  factors  have  an  important  effect  upon  the  decontamination 
effectiveness  when  applied. 

Ho  consideration  is  given  to  leaching  and  exchange  of  soluble 
radionuclides  to  the  surface,  since  the  fallout  simulant  used  is  speci¬ 
ally  processed  to  minimize  errors  introduced  in  the  radiation  measure¬ 
ments  from  this  source. 
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2.1  TEST  SITE 


A  special  test  area  was  constructed  to  provide  rigid  environmental 
eonv.rol  during  the  tests.  A  section  170  ft  long  on  an  existing  32-ft 
wide  asphalt  street  at  Camp  Parks,  California,  was  used  as  a  foundation 
for  the  test  area  shown  in  Pigs.  2.1  and  2.10.  New  8- in.  concrete  curbs 
with  l8-in.  wide  gutter  aprons  were  constructed  for  lengths  of  l4o  ft 
on  both  sides  of  the  street.  One  half  of  the  street  (l6  x  lto  ft)  was 
paved  with  concrete,  finished'  to  simulate  freeway  pavement,  and  the 
other  half  was  resurfaced  with  asphalt  up  to  the  level  of  the  concrete. 

A  system  with  grid  lines  was  painted  to  help  with  measurement  and 
identification  of  areas  during  the  tests. 

A  system  of  drainage  trenches  was  built  around  the  periphery  of  the 
newly  paved  areas,  open  along  the  curbs  and  covered  with  steel  gratings 
across  the  street  to  permit  unimpeded  vehicular  traffic.  Pour  sumps 
associated  with  catch  basin  gratings  in  the  curb  apron  were  used  for 
accumulation  and  recovery  of  simulated  fallout  material  flushed  from 
the  test  area.  Material  could  be  flushed  from  the  test  surface  for 
recovery  into  50 -gel  drums  suspended  in  each  sump,  while  the  excess 
water  drained  to  the  low  point  csf  the  system  (sump  #2)  where  it  was 
pumped  to  a  safe  disposal  area.  Pour-foot-high  splash  boards  along  the 
bock  of  the  side  trenc'ies  controlled  the  material  that  splashed  over 
the  curb. 

The  original  intent  of  this  test  area  wus  to  provide  sufficient 
control  of  the  fallout  simulant  so  tliat  the  material  flushed  from  the 
surface  could  be  collected  and  weighed  to  determine  the  effectiveness 
on  a  weight  basis.  However,  the  accuracy  of  the  material  balance  was 
of  the  order  of  10  which  was  unsatisfactory  for  the  residual  mass 
levels  achieved  (about  1  $  in  many  cases.  Also  involved  is  the  common 
source  of  inaccuracy  in  subtracting  two  nearly  equal  values  (initial 
mass  and  mass  removed). 

When  the  radionuclide-tagging  method  of  measuring  residual  mass 
on  the  test  surface  is  used,  the  trenches  provide  a  shielded  location 
for  flushed  material  so  an  accurate  measurement  could  be  made.  The 
accumulation  of  the  contaminant  in  the  drainage  system  also  provided 
radiation  shielding  for  test  personnel  during  cleanup  after  each  test. 
Use  of  the  drainage  system  may  not  simulate  operation  in  a  real  situa¬ 
tion,  but  it  does  permit  measurement  of  the  effect  of  mss  level,  par¬ 
ticle  size,  and  surface  roughness  on  decontamination  effectiveness  by 
eliminating  some  of  the  problems  experienced  in  previous  tests. 
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Fie«  2.1  Special  Test  Area  for  Evaluation  of  Wet  Decontamination 
Procedure. 


The  test  area  was  large  enough  to  permit  taking  sufficient  radia¬ 
tion  readings  to  establish  average  values  and  to  simulate  a  possible 
operational  procedure  for  the  f lusher,  yet  it  was  small  enough  to  allow 
carrying  out  the  tests  with  a  moderate  amount  of  materials  and  manpower, 
and  obtain  reasonable  values  for  water  consumption  per  square  foot. 


2. 2  DESCRIPTION  AND  ADJUSTMENT  OP  PLUSHER 


The  flusher  used  for  the  tests  was  a  World  War  II  vintage  machine 
which  was  up-dated  with  a  higher-capacity  pump  and  a  set  of  new  nozzles. 
The  features  it  had  in  comaon  vith  most  flushers  were:  (a)  a  large- 
capacity  water  storage  tank  mounted  on  a  truck  chassis  and  filled  by 
hose  from  a  fire  lydrant;  (b)  an  auxiliary  engine  driving  a  water  pump 
to  provide  the  required  water  pressure  and  flow  for  the  nozzles;  and 
(c)  severe  1  nozzles  with  orientation  adjustments  and  whose  operation 
is  independently  controlled  by  the  operator.  Detailed  specification  of 
the  machine  is  given  in  Appendix  D. 

Pretest  speed  calibration  runs  with  the  flusher  resulted  in  the 
performance  curves  shown  in  Fig.  2.2.  Low-  and  high-range  rear  axle 
settings  could  be  used  with  each  of  the  5  forward  gears.  The  6-mph 
forward  speed  with  the  truck  engine  operating  at  1350  rpn  (transmission 
gear  L3)  was  used.  An  engine  tachometer  mounted  in  the  cab  enabled  the 
driver  to  maintain  the  exact  rpm.. 

The  design  of  a  standard  flusher  nozzle  was  studied  to  determine 
its  applicability  to  decontamination  where  high  pressure  and  velocity 
with  a  low  flow  rate  is  desirable.  Although  the  nozzle  orifice  gap 
could  be  decreased  to  achieve  desirable  results,  it  was  decided  to  use 
newly  purchased  and  unaltered  standard  nozzles  at  the  two  front  nozzle 
positions  so  that  the  test  results  would  be  representative  of  commerci¬ 
ally  available  and  extensively  used  equipment.  The  use  of  a  standard 
nozzle  at  the  right  rear  pceit ' on  was  not  desirable  because  It  provided 
neither  sufficient  pressure  nor  a  confined  stream  pattern.  Therefore  a 
specially  designed*  nozzle  was  scaled  up  and  adapted  for  use  on  the 
flusher.  This  nozzle  produced  a  30°  Included  angle  of  spray  that  was  a 
compromise  between  the  70°  included  angle  of  the  standard  flusher  nozzle 
and  the  narrow  stream  of  a  standard  fire  nozzle.  The  left  rear  nozzle 
was  a  standard  flusher  nozzle  used  only  to  wash  down  the  teat  area  splash 
boards  (Fig.  2.12).  The  flow  rate  vs  pressure  performance  of  each  nozzle 
Is  8 hewn  in  Fig.  2.3. 


*Ry  W.  L.  Owen  of  this  laboratory. 
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An  Infinite  number  of  combinations  of  nozzle  geometries  and  orien¬ 
tations  vos  possible.  Therefore  a  systematic  approach  to  the  selection 
of  the  one  combination  used  for  the  testa  vas  required.  Previous  flusher 
evaluations  indicated  that  good  results  were  obtained  when  the  spray 
planes  of  the  tve  front  nozzles  intersected  the  pavement  in  a  single 
straight  line  to  produce  a  cleaning  action  similar  to  that  of  a  road 
grader  with  its  blade  at  an  angle  to  the  direction  of  travel  (Figs.  2.4, 
2.5,  2.6).  To  increase  the  path  vidth  flushed,  the  left  front  nozzle 
vas  moved  to  the  extreme  left  of  the  machine  where  it  cleaned  the  full 
tread  vidth  of  the  left  tires  and  prevented  tracking  of  contaminant  to 
clean  areas.  The  procedure  for  nozzle  orientation,  applicable  to  any 
flusher,  can  be  explained  by  reference  to  Fig.  2.4.  To  achieve  a  road 
grader  blade  action,  all  components  of  the  spray  velocity  should  be 
directed  to  the  right  or  toward  the  gutter  of  the  street.  Therefore 
the  two  front  nozzles  were  oriented  in  azimuth  so  that  the  left  edges 
of  the  spray  were  parallel  to  the  direction  of  travel.  The  dip  angle 
at  which  each  of  the  spray  planes  is  depressed  from  the  horizontal  was 
adjusted  so  tint  both  spray  planes  intersected  the  pavement  in  the  sane 
straight  line  an  55°  vith  the  direction  of  travel.  The  10°  dip  angle 
of  the  left  nozzle  was  found  to  be  most  effective  from  preliminary 
small-scale  tests,  and  the  22°  dip  angle  of  the  right  nozzle  was  re¬ 
quired  to  continue  the  straight  line  of  impact.  Ho  nozzle  rotation 
around  the  centerline  of  the  spray  was  considered  and  the  nozzles  were 
always  set  so  that  the  dihedral  angles  were  essentially  zero.  Thble  2.1 
shows  optimum  nozzle  settings  and  pressures  determined  by  preliminary 
tests.  Consistent  nozzle  orientation  was  maintained  by  using  the  bar 
and  protractor  arrangement  shown  in  Fig.  2.5*  To  reduce  the  number  of 
variables  to  be  evaluated,  a  series  of  preliminary  tests  was  used  to 
determine  what  appeared  to  be  the  best  procedural  method  of  flushing 
contaminant  from  the  two  paved  test  surfaces.  The  procedure  adopted  is 
described  later  under  Section  2.6  and  was  repeated  in  as  nearly  identical 
manner  as  possible  for  all  tests. 


2.3  PRODUCTION  OF  VKL10JT  SIMULANT 


Bulk  carrier  material  for  fallout  simulant  was  formulated  frou  two 
types  of  eexmaercial  sand  "having  physical  and  chranlcal  properties  similar 
to  those  of  real  fallout.  Bacn  type  was  readily  available  and  could  be 
easily  processed  to  sinuate  the  fallout  environments  described  in 
Table  1.1.  The  median- to- large  particle  size  fallout  simulant  was  ob¬ 
tained  from  #6b  mesh  Del  Monte  sand,  a  sBv-Tth,  weathered,  river  bottom 
material  in  the  size  range  105-700  p.  The  smaller  particle  size  range 
simulants  were  sieved  from  44-177  n  Vedrou  river  bottas  sand. 


12 


I 


Fig.  2.5  Front  Nozzle  Operation  Showing  Protractor  Bar  Used  to  Obtain 
Proper  Nozzle  Orientation.  Protractor  points  occur  every  10  degrees. 
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TABU3  2.1 

Optimum  Nozzle  Settings  end  Pressures 


Nozzle : 

Left  Front 

Right  Front 

Right  Rear 

Dip  Angle: 

10° 

22° 

10° 

Azimuth  Angle: 

35° 

35° 

15° 

Pressure 

Cp»i) 

1st  fbss: 

40 

4o 

- 

2nd  Pass: 

35 

35 

GO 

3rd  B&bb: 

- 

35 

Go 

Note:  Forward  speed  was  constant  for  all  passes  at  6  mpH. 


ito 

the  radlonuc,1  Ide  la  used  to  tag  the  hulk  carrier  material  was 
selected  for  several  reasons.  Its  energetic  gamma  rays  minimized  the 
shelf -shielding  effects  of  the  simulant  at  high  Initial  mass  levels, 
making  the  radiation  measurements  more  nearly  proportional  to  the  mass 
present  If  the  specific  activity  (|ic/g)  was  uniform.  Radioactive  decay 
by  a  4o.2-hr  half-life  reduced  the  residual  radiation  levels  to  back¬ 
ground  In  a  few  days  and  permitted  reuse  of  who  test  area.  Relating 
facilities  for  the  preparation  and  handling  of  the  Ia1^0  developed  for 
other  reclamation  projects1*-*  5  were  available  at  Camp  Parks. 

Coating  the  tagged  bulk  carrier  with  sodium  silicate  and  baking 
for  1  hr  at  2000 °F  formed  a  waterproof  glaze  which  assured  that  the 
activity  remained  fixed  to  the  bulk  carrier  so  that  it  was  not  trans¬ 
ferred  to  the  teBt  surface. 


2.4  DISFERSAL  OP  FAUOUT  SIMUIANT 


One  of  the  criteria  imposed  upon  the  test  conditions  was  a  uniformly 
dispersed  Initial  mass  of  fallout  simulant  on  the  test  area,  the  mass 
loading  depended  upon  the  fallout  environment  being  simulated. 
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Uniform  dispersal  vas  achieved  by  using  a  calibrated,  hand-operated 
garden  spreader  (Fig.  2.7;  0.  M.  Scott  end  Sons,  Marysville,  Ohio).  The 
average  initial  mass  level  vas  determined  by  weighing  the  spreaders 
before  dispersal  and  again  afterwards.  The  uniformity  of  dispersal  was 
visually  better  than  that  achieved  previously  with  a  dump  truck. 


2.5  MEASUFSKENT  TECHNIQUE 


All  measurement  instrumentation  vas  given  an  adequate  warm-up 
period,  and  background  and  calibration  readings  vere  made  whenever  test 
measurements  were  made. 

Simulant  property  meaourementP  were  made  with  Rotap  machine  (H.  S, 
Tyler  Co.,  Cleveland,  Ohio)  and  standard  'tyler  sieves.  Six  sieves  and 
a  pan,  nested  with  graduated  mesh  sizes,  were  thoroughly  rotapped  for 
10  min  to  separate  a  100 -g  sample  into  sieved  fractions.  Bach  fraction 
was  weighed  and  its  activity  measured  in  the  4 -pi  ionization  chamber 
(Fig.  2.8)  to  determine  its  specific  activity  (pc/g).  The  properties 
of  each  batch  mixed  are  tabulated  in  Appendix  B.  Microscopic  examina¬ 
tion  of  the  sieve  fractions  vas  also  used  to  determine  the  size  distri¬ 
bution  as  veil  as  shape,  and  uniformity  of  the  simulant  batches. 

Machine  variables  cf  forward  speed,  nozzle  water  pressure,  and 
operational  decontamination  procedures  vere  controlled  for  uniformity 
in  all  tests  using  activity.  Forward  speed  was  measured  with  a  cab- 
mounted  engine  tachaneter.  Nozzle  water  pressure  was  measured  by  probes 
at  each  nozzle.  The  probes  vere  manifolded  to  a  pressure  gauge  in  the 
cab  where  the  pressure  was  manually  controlled  by  the  pump  engine 
throttle.  Duplication  of  operational  decontamination  procedures  for 
each  test  was  assured  by  operator  pretest  training  and  familiarization; 
and  by  external  direction  as  the  tests  vere  being  run. 

Radiation  measurements  vere  made  by  a  specially  built  mobile, 
shielded,  gamma  scintillation  detector  (Fig.  2.9).  The  radiation  de¬ 
tection  element  was  a  Nal  (Tl)  scintillation  crystal  (l  In.  diameter 
by  1  in.  thick)  tlat  ras  coupled  to  a  photomultiplier  tube,  all  con¬ 
tained  within  a  6-in. -thick  lead  shield.  A  collimated  aperature  per¬ 
mitted  entrance  of  radiation  into  the  sensitive  volume.  The  power 
supply,  associated  electronics,  and  printout  system,  as  veil  as  the 
shielded  detector,  vere  trailer  mounted  for  mobility. 

The  effectiveness  of  the  decontamination  procedure  was  determined 
by  compering  radiation  measurements  before  and  after  each  event. 
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Reliability  in  the  measuremer  '-s  swde  with  the  Bhiel.ded  detector  was 
|  provided  for  by  recording  a  series  of  r  o  l-minute  counts  in  the  follow¬ 

ing  sequence: 

6o 

a.  Count  a  Co^  radiation  standard;  to  determine  the  overall 
response  of  the  instrument. 

b.  Count  a  sample  from  the  synthetic  fallout  simulant  batch  to 
check  simulant  decay. 

c.  Count  at  each  of  the  monitoring  stations  on  the  test  area  to 
collect  data. 

d.  Repeat  steps  a  and  b  as  a  further  check  on  instrument  response 
and  decay. 

The  above  four-step  sequence  was  carried  out  for  each  test  to  measure 
the  background,  initial  mass,  and  mss  remaining  after  successive  flush¬ 
ing  passes.  Time  of  day  was  recorded  for  each  pair  of  counts  to  facili¬ 
tate  deciy  correction. 

Hand-held  portable  radioes,  ANFDR-39  (TIB) ,  were  used  as  a  check 
ot  the  mobile  shielded  detector  and  for  general  monitoring  purposes, 
auen  as  controlling  radiation  dosage  to  personnel  during  preparation 
and  dispersal  of  the  simulant. 

The  4-pi  ionization  chamber  was  used  to  assay  the  gross  and  sieved 
samples  of  the  fallout  simulant.  It  also  followed  the  radioactive  decay 
of  each  simulant  batch  as  a  check  on  radionuclide  purity. 


2.6  DSST  PROCEDURE 


Each  of  the  tests  with  radioactive  fallout  simulant  was  conducted 
on  a  concrete  or  asphalt  surface  at  initial  mass  level,  particle  sice 
range,  forward  speed,  and  operational  sequence  required  by  the  test 
conditions  as  follows: 

a.  Radiation  background  measurements  were  made  as  described  in 
Section  2.^. 

b.  Synthetic  fallout  material  of  the  desired  particle  size  range 
and  mass  level  was  dispersed  over  an  area  15. 5  *  90  ft,  as  described  in 
Section  2.4. 
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c.  Initial  mass  level  radiation  measurement  were  made  as  described 
Ir.  Section  2.5* 

d.  One  flushing  cycle  of  the  entire  teat  area  vac  made,  consisting 
of  3  passes  (as  shown  in  Fig.  2.10)  and  described  as  follows: 

1.  First  pass  at  crown  of  half -contaminated  street,  using  both 
front  nozzles  at  1*C  pel  to  flush  contaminant  forward  and 
toward  the  gutter. 

2.  Second  pass  alongside  the  gutter  using  3  nozzles  (Fig.  2.U), 
front  nozzles  at  35  pai  and  right  rear  nozzle  at  60  psi, 
with  a  slight  overlap  of  area  cleaned  on  first  pass. 

3.  Third  pass  in  the  gutter  against  the  curb  using  two  nozzles, 
right  front  at  35  pel  and  right  rear  at  60  pbI,  to  flush 
material  into  catch  basin  or  beyond  test  area. 

4.  All  material  flushed  beyond  test  area  was  washed  by  fire¬ 
hose  to  catch  basins  and  sumps,  so  that  It  would  not  con¬ 
tribute  to  radiation  readings  on  test  area.  Contaminant 
was  flushed  from  side  boards  into  drain  ditches  as  shown 
in  Fig.  2.12,  using  left  rear  nozzle. 

e.  Radiation  measurements  were  made  as  in  Section  2.5. 

f.  Second  flushing  cycle  was  completed  as  in  (d). 

g.  Final  radiation  was  measured  as  in  Section  2.5. 


Showing  Contaminant  Control  Features  and  Flusber  Pass  Sequence 


Pig.  2.11  Second  Flushing  Pass  at  Curb  Using  Three  Nozzles 
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Fig.  2.12  Flushing  Contaminant  Free*  Side  Splash  Boards  into  Drain  Ditch 
Before  'Ihking  Radiation  Reeding  on  Test  Surface, 


CHAPTER  3 


RESULTS  AMS  DISCUSSION 


The  variation  of  effort  that  can  be  applied  by  a  motorized  flue her 
is  infinite,  within  the  limits  of  the  ranges  of  the  machine  parameters 
of  forward  speed,  water  pressure,  nozzle  orientation,  and  of  the  opera¬ 
tional  procedures  of  nozzle  usage  and  coverage  of  the  area  to  be  decon¬ 
taminated.  All  the  machine  parameters  and  operational  procedures  were 
determined  and  held  constant  for  the  tests  as  described  In  Section  2.2 
because  of  the  limited  scope  of  this  test  series.  Under  these  test 
conditions  distinct  levels  of  effort  were  applied  to  the  surface  as 
defined  by  integral  numbers  of  three-pass  flushing  cycles  (Section  2.2) 
over  the  test  area. 


Effort  is  defined  as  being  inversely  proportional  to  the  forward 
speed  (or  directly  proportional  to  the  tine  spent  covering  a  given  area). 
The  relationship  can  be  represented  mathematically  as 


*-! 

where  E  *  effort  in  equipnent-ein/10^  ft® 

S  a  forward  speed  in  ft/ain 
and  K  is  the  proportionality  factor. 

In  Reference  ^  (the  sweeper  report) ,  relative  effort,  HE,  is  de¬ 
fined  as  the  ratio  of  actual  effort  E  to  a  standard  effort,  which  is 
shown  to  be  equivalent  to  the  expression 


RE 


1200 

S 


(3-D 


where  1200  is  an  arbitrary  speed  selected  to  give  RE  values  greater 
then  unity.  Using  this  relationship  the  work  described  here  can  be 
more  easily  compared  with  that  of  other  tests  -  for  instance,  sweeper 
results  in  Reference  7*. 


*Sueh  a  casperison  is  sham  in  Section  3*6* 
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Ihe  test  condition  prescribed  a  constant  flusher  speed  of  6  raph  or 
528  ft/min.  Therefore, 


RE  (flusher)  »=  i|||  =  2.27 


As  long  as  the  forward  speed  is  held  constant,  2.27  will  be  the  RE  for 
a  complete  coverage  of  the  test  area..  For  two  coverages  the  RE  will 
eq.ua  1  2  x  2.27  =  b.51*. 

It  was  explained  earlier  in  Section  2.6  that  one  coverage  required 
a  three  pass  flushing  cycle.  With  a  pass  width  of  9  ft  (total  frontal 
width  of  flushing  pattern  for  3  nozzles),  the  sii%le  pass  rate  would  be 
9  r.  528  b  1*752  ft2/min.  However,  the  test  strip  ia  15.5  ft  vide  and 
tloree  passes  are  required  for  complete  coverage.  1*  •efore  an  average 
pass  width  is  15.5/3  or  5* 2  ft,  and  the  average  f?  lng  rate  ia  only 
5.2  c  528  or  27h6  ft2/min. 

Relative  effort  RE,  then,  is  a  function  of  speed  only.  It  indicates 
n-ither  the  actual  cleaning  rate  nor  the  absolute  effort  required. 

These  two  quantities  are  dependent  upon  the  configuration  of  the  area 
cleaned  and  upon  the  build-up  of  material  which  requires  successive 
flushing  passes  to  clear  the  remaining  area.  In  addition,  any  allow¬ 
ances  made  for  turn-around  losses,  tank-filling  and  post-flushing  of 
redepoeited  material  for  ultimate  disposal  will  further  reduce  the 
above  rate  estimates. 

Using  test  conditions  with  fixed  machine  parameters,  identical 
procedures  were  used  to  conduct  22  teats.  The  results  of  these  tests 
are  summarized  in  Table  3.1.  Hie  fallout  environments  simulated  are 
given  in  terms  of  particle  size  and  initial  mass  level;  two  surfaces, 
asphalt  end  concrete' were  used;  and  residual  mass  levelB  were  computed 
from  radiation  readings  as  described  in  Appendix  C.  Corrected  radia¬ 
tion  measurements  for  all  tests  are  given  in  Table  C.l. 


3.1  CCMPARISCti  OF  1ESTS 


The  test  results  in  Table  3.1  can  be  used  foi  graphical  presenta¬ 
tion  of  data  or  to  verify  previously  developed  equations  for  the  per¬ 
formance  of  wet  decontamination  methods.  Using  relative  efforts  as 
defined  In  Fq.  3*1  and  corresponding  residual  mass  levels  determined 
from  radiation  measurements.  Figs.  3.1  through  3.21  were  plotted  in 
three  groups  to  show  the  effects  of  particle  size,  mass  loading,  and 
surface  roughness  on  decontamination  effectiveness. 
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Pigs* 

Comparisons  of  Effects  of  Iferticle  Size 
on  the  Decontamination  Performance  of  a 
Conventional  Motorized  Street  Plusher, 
Using  Test  Procedures  Described  In 
Section  2.6. 
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Pigs.  3.5-3*12 

Comparisons  of  Effects  of  Initial  Mass  Levels 
on  the  Decontamination  Performance  of  a  Con¬ 
ventional  Motorised  Street  Plusher,  Using 
Test  Procedures  Described  in  Section  2.6. 


33 


Figs.  3.13-3-21 

Comparisons  of  the  Effects  of  Surface  Roughness 
on  the  Decontamination  Performance  of  a  Conven¬ 
tional  Motorized  Street  Plus her.  Using  Test 
Procedures  Described  in  Sectior  2,6. 


38 


Fig.  3.19 


Fig.  3.00 


Only  two  data  points  appear  for  each  test  representing  the  residual 
mass  after  the  1st  and  2nd  cleaning  cycles  (each  cleaning  cycle  repre¬ 
senting  three  passes)  so  the  sliape  of  a  smooth  curve  which  fits  the  data 
could  not  be  drawn.  All.  conclusions  drawn  from  these  curves  are  for 
limited  data  from  specific  test  conditions. 


3.2  EFFECTS  OF  PARTICLE  SIZE,  MASS  LEVELS  AMD 

SURFACE  TIFE 

Particle  Size  effects  on  decontamination  are  shown  in  Figs. 

In  all  tests  conducted  the  smallest  particles  were  more  difficult  to 
remove  than  the  largest  particles.  In  Fig.  3.1  and  3.3  for  asphalt 
surfaces,  an  inversion  in  the  order  of  particle  size  vs.  residual  mass 
is  seen:  the  44-88p  particle  size  shows  a  lower  residual  mass  than  the 
88-177(i  particle  site  and  the  177-350^  particle  sizes  (Fig.  3»1)  shows 
a  lower  residual  mass  than  the  350*700(1  particle  size.  Although  the 
removal  effectiveness  indicates  inconsistencies  due  to  flusher  steering 
errors  in  the  experimental  results,  the  results  as  a  whole  shows  small, 
particles  to  be  more  difficult  to  remove  than  large  particles  at  the 
same  effort  expenditure. 

High  initial  mass  levels  consistently  showed  a  greater  residual 
mass  level  than  lower  mass  levels  after  the  same  effort  expenditure. 
Figures  3« 5-3«U  show  the  effects  of  initial  mass  on  the  decontamination 
effectiveness  of  conventional  motorized  flushing.  In  addition  to  the 
problem  of  moving  a  higher  mass  per  unit  area,  the  build-up  of  material 
flushed  to  adjacent  areas  further  compounds  the  mass  removal  problem, 

63  described  in  Section  3*5  and  discussed  further  in  Section  3,6. 

Surface  type  effects  on  decontamination  effectiveness  were  not  as 
conclusive  as  expected,  due  to  the  deterioration  of  tne  concrete  sur¬ 
face  prior  to  and  during  the  evaluation  studies  using  radioactive  simu¬ 
lant.  Hie  concrete  test  surface  had  deep  cracks  at  the  expansion  joints, 
and  several  rough  spots  were  foraed  due  to  disintegration  of  the  con¬ 
crete.  However,  of  the  9  tests  conducted  to  allow  comparison  of  surface 
type  vs.  effort,  5  showed  that  concrete  was  less  difficult  to  clean  than 
asphalt.  One  test  showed  about  the  seme  difficulty,  and  three  tests 
showed  asphalt  to  be  less  difficult  to  clean  than  concrete.  The  last 
three  results  were  no  doubt  due  to  the  contaminant  retained  in  the  large 
expansion  joint  cracks.  An  example  of  this  effect  can  be  seen  in  Fig. 
3.20.  Note  the  residual  mass  1.2  g/ft2  remaining  after  the  first  pass 
and  the  1.02  g/ft2  remaining  after  the  second  pass.  The  flatness  of  the 
curve  indicates  that  a  large  amount  of  effort  would  be  required  to  reach 
the  same  residual  mass  as  attained  on  the  asphalt  surface. 
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It  should  be  emphasized  that  although  general  conclusions  may  be 
drawn  on  particle  size,  mass  level,  and  surface  type  effects,  they  ore 
the  results  from  only  one  set  of  flusher  adjustments. 


3-3  WATER  GONSIKFTION 


2 

The  water  consumption  rate  was  0.14  gal/ft  for  each  complete  3-PO.ss 
cleaning  cycle  used  in  the  flusher  evaluation  tests.  This  rate  is  similar 
to  that  of  previous  tests  mentioned  in  Section  1.1  but  applies  only  to 
Ihe  present  test  procedure.  Other  flushing  procedures  would  require 
different  consumption  rates.  An  ideal  flushing  situation,  where  a  single, 
9-ft-vide  path  at  higher  speed  (12  mph)  is  adequate,  could  have  a  water 
consumption  rate  of  0,032  gal/fts  using  the  two  front  nozzles.  At  the 
other  extreme,  a  heavy  mass  loading  on  a  large  area  would  require  a 
slower  speed,  multiple  passes,  and  manual  firehose  clean-up  after  flush¬ 
ing.  This  extreme  situation  might  be  bandied  more  expeditiously  by  a 
different  or  combination  method,  with  flushing  being  the  final  clean-up 
of  low  residual  mass  achieved  by  another  method  such  as  sweeping. 


3.4  EXEERIMElfEAL  ERROR 


The  results  of  duplicate  tests  shown  in  Table  3.1  vary  hy  as  much 
as  a  factor  of  7.  The  differences  are  due  almost  entirely  to  variations 
in  operating  techniques  (mainly  directional  control  of  the  flusher  truck) 
from  test  to  test.  The  accuracy  of  direct  measurements  was  +  3  $  for 
forward  speed,  +  5  %  for  initial  rwss  level,  and  +  15  $  for  the  radiation 
measurements  used  to  determine  residual  mass  level,  thus  these  items  did 
not  contribute  significantly  to  observed  differences. 

Seme  error  was  introduced  into  the  residual  mass  level  measurements 
for  several  reasons;  (a)  As  shown  in  Pig.  B.l  (Appendix  b)  the  specific 
activity  increased  for  smaller  particles  within  a  given  particle  size 
range,  (b)  However  flushing  selectively  removed  the  larger  particles 
more  readily  than  the  smaller  and  more  active  particles  witliin  a  particle 
size  range.  Therefore,  calculations  of  residual  mass  H  based  on  radia¬ 
tion  measurements  will  be  conservative  (too  high). 

For  instance,  residual  mass  is  calculated  from  the  expression 


r 


2 

where  My  =  initial  mass  loading,  g/ft 

R  =  residual  radiation  reading,  mr/hr 
I  «=  initial  radiation  reading,  mr/hr 

For  the  above-noted  reasons,  the  residual  radiation  reading  R  will  be 
high,  since  a  disproportionate  amount  of  small  but  more  radioactive 
particles  will  be  left  after  flushing.  Therefore  the  estimates  of  mass 
■Jill  also  be  high. 

Specific  activity  varied  by  a  factor  of  3  within  each  size  range 
of  fallout  simulant  used,  but  the  relatively  narrow  size  ranges  (a  fac¬ 
tor  of  2)  permitted  a  're lid  determination  of  the  effect  of  particle  size 
on  flushing  effectiveness. 


Transfer  of  activity  from  the  simulant  to  the  test  surfaces  by 
leaching  or  ion  exchange  contributed  less  than  0.1  $  error  to  the 
measurements  and  was  therefore  ignored  as  a  source  of  experimental  error 


Form  line  cracks  in  the  concrete  surface  retained  some  simulant 
and  produced  some  localized  nigh  radiation  readings.  These  radiation 
readings  were  deleted  from  calculations  as  indicated  In  Appendix  C. 
However,  the  frequency  of  random  surface  cracks  at  monitoring  stations 
was  not  sufficient  to  create  a  serious  bias  in  the  data  when  these 
readings  were  averaged  with  the  rest  of  the  stations  to  obtain  a  repre¬ 
sentative  residual  reading  for  the  whole  test  surface. 


3.5  FLUSHING  THEORY 


Previous  wet  decontamination  evaluation  studies  derived  the  follow¬ 
ing  equation: 

M  =  M*  +  (M  -M*)  e_3KoE  (3.2) 


where  M  is  the  residual  mass  (g/’ft^)  after  finite  effort  expenditure  E. 
M*  is  the  residual  mass  (g/ft^)  at  an  infinite  effort  level 
MQ  is  the  initial  mass  level  (g/ft^) 

K0  is  the  proportionality  constant  expressing  removal  rate 
E  is  the  effort  expended  (equipment  min/ 10^  fte) 

e"3KoEl/3  is  the  faction  of  removable  mass  remaining  after  expend 
ing  the  effort,  E. 
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Equation  2.2  was  solved  for  each  test  using  data  values  of  M,  M0,  a.id  E, 
and  making  successive  approximations  for  M*  and  K0  for  a  fit  through 
the  data  points  or.  an  M  vs  E  plot  (see  Fig.  3.22  for  such  a  plot).  The 
existence  of  only  two  data  points  and  a  limited  number  of  tests  for  each 
surface-method  combination  made  it  impossible  to  evaluate  other  previously 
derive.,  equations 3  relating  initial  mass  to  residual  mass  at  infinite 
effort  for  a  given  decontamination  method. 

Of  22  test  runs,  13  listed  in  Table  3-2  provided  data  which  could 
be  fitted  to  equation  3*2.  The  vt.rlation  of  ultimate  residual  mass 
attainable  (M*)  and  rate  of  mass  removal  (Kq)  are  consistent  with  results 
presented  graphically  in  Section  3*1.  The  M*  values  indicate  small  par¬ 
ticles  are  more  difficult  to  remove  than  large  particles,  concrete  sur¬ 
faces  have  lower  residual  mass  than  asphalt  for  the  same  test  condition, 
and  higher  initial  mass  levels  require  more  effort  to  achieve  the  same 
residual  -ass  level.  'The  Kc  values  show  faster  removal  rate  for  con¬ 
crete  surfaces  and  lower  mass  levels.  No  clear  cut  trend  of  removal 
rates  with  respect  to  particle  size  «as  indicated. 


3.6  OOMPAKISOi;  OF  MOTORIZED  STREET  FLUSHING  AMD 
MOTORIZED  STREET  SWEEPING 


Figure  3.22  compares  the  relative  performance  of  street  flushing 
with  street  sweeping  methods.  Test  results  were  taken  for  like  condi¬ 
tions  of  mass  loading,  particle  size  and  surface  type.  Each  curve  was 
plotted  according  to  its  respective  cleaning  equation. 

From  the  distinct  separation  between  the  curves,  it  appears  that 
flushing  is  the  superior  method,  however,  comparing  these  two  perform¬ 
ances  in  this  manner  assumes  Loth  methods  carry  cut  their  respective 
cleaning  task  to  a  similar  state  of  completeness.  Tills  occurs  only  in 
one  particular  situation,  the  reclaiming  of  open  roadways  where  flushing 
does  not  create  a  disposal  problem. 

It  is  more  likely  that  sweepers  and  flushers  will  be  operating  on 
streets  bordered  by  curbs  or  on  extensive  areas  such  as  parking  lots  and 
industrial  aprons.  Under  these  conditions  flushers  usually  cannot  do  a 
complete  job  of  reclamation,  as  the  vorl.  progresses  tne  flusher  wlll 
eventually  reach  the  point  where  it  can  no  longer  push  aside  the  mass 
build-up  of  fallout  materiel.  A  secondary  method  is  then  required  to 
get  rid  of  this  accumulation  of  spoil. 
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TABLE  3.2 


Fit  of  Equation  3.2  to  Test  Data 


Test 

Conditions 

Equation  3. 

2  Parameters 

Test  No. 

Initial  Mass 

M 

0  0 
(e/ft2) 

‘  3X0 

(ioun2  W3 

'  equip  min  j 

M* 

(g/ft2) 

C-20-W 

21.5 

4.25 

0.051 

A-20-W 

19.5 

3.24 

0.019 

c-ao-x 

20.7 

4.31 

O.C83 

A-20-X 

21.8 

3.29 

0.073 

C-1QO-X 

107.4 

3.34 

O.O76 

c-20-Y 

21.0 

4.85 

0.218 

A-20-Y 

22.1 

2.56 

O.328 

C-100-Y 

102.2 

2.79 

0.353 

A-IOO-Y 

101.9 

3.34 

0.507 

A-20-Z 

18.4 

2.91 

0.356 

C-100-Z 

102.5 

4.52 

1.074 

c-ao-z 

18.6 

3.81 

0.259 

A-100-A 

103.5 

3.45 

0.192 

Notes : 

Test  Code  is :  surface  type  -  nominal  initial  mass  - 
particle  size 


A  =  Asphalt 
C  -  Concrete 
W  =  350-700U 


X  =  177-350(1 
Y  =  88-177m 

Z  =  44-88  n 


Equation  3.2:  M  =  M*  +  (Mq-M*) 
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Fig.  3.22  C comparison  of  Cleaning  Performances  of  Motorised  Street 
Sweeping  and  Motorised  Street  Flushing. 
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For  this  more  general  situation,  a  ecnpo  risen  of  the  above  curves 
Is  misleading,  since  the  fluBher  curve  does  not  take  into  account  the 
additional  effort  required  to  complete  the  reclamation  c£  a  given  area. 
Thus,  comparisons  of  these  or  similar  pairs  of  method  performance  curves 
must/not  be  unde  vithout  consideration  of  the  inherent  differences 
between  methods. 


CHAPTER  k 


CONCXUSIONS  AKD  RECCWENmTIONS 

4.1  COIJCLU3I0HS 


Previously  developed  theoretical  decontamination  equations  fit  data 
for  a  i»  jority  of  the  tests.  With  the  exception  of  sane  of  the  factors 
related  to  removal  rate  (Kc) ,  good  agreement  vac  found  between  the  equa¬ 
tion  and  the  data.  The  conclusions  suggested  by  the  test  results  are 
presented  below. 

The  systematic  procedure  for  adjustment  and  orientation  of  the 
nozzles  described  in  Section  2.2  can  be  applied  beneficially  to  any 
motorized  flucher  to  achieve  optimum  decontamination  performance. 

Under  the  test  conditions  used,  mass  level  had  the  greatest  influ¬ 
ence  on  flushing  effectiveness.  Particle  size  had  the  next  greatest 
effect  and  surface  type  had  the  least  effect.  Some  variations  in  uni¬ 
formity  of  distribution  were  noted  on  the  concrete  surface  when  form 
lines  accumulated  the  material.  Under  comparable  test  conditions,  high 
initial  mass  levels  were  harder  to  remove  than  lew  initial  mass  levels, 
small  particles  were  herder  to  remove  than  large  particles,  and  rough 
asphalt  surfaces  retained  a  greater  residual  mass  than  smooth  concrete 
surfaces. 

Motorized  flushing  is  an  effective  decontamination  procedure  for 
recovery  of  extensive  areas  if  the  following  problems  are  recognized  and 
overcome:  (a)  a  possible  shortage  of  water;  (b)  an  insufficient  number 
of  flushers;  (c)  the  accumulation  of  flushed  material  due  to  high  initial 
mass  level  and/or  tlie  accelerated  build-up  of  flushed  material  in  an 
extensive  area  having  a  low  initial  mass  level;  and  (d)  the  safe  handling 
and  ultimate  disposal  of  the  flushed  material. 

ISie  consumption  rates  attained  in  the  present  evaluation  tests  are 
ideal  from  the  standpoint  of  water  ecc..cmy  in  that  only  consumption  on 
the  test  area  was  measured.  Higher  consumption  rates  under  less  care¬ 
fully  planned  end  executed  procedures  could  easily  increase  the  rate  by 
a  factor  of  two  or  three,  making  the  procedure  impractical  if  the  water 
supply  were  marginal. 
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It  is  readily  apparent  that  careful  planning  is  required  for  each 
flusher  situation  to  insure  an  integrate!  recovery  system  of  optimum 
perf  oromnce.  The  complexity  of  handling  and  disposing  of  the  flushed 
na te rial  varies  from  an  ideal  situation  where  a  single  pass  is  sufficient 
to  the  caaplex  case  where  multiple  passes  are  required.  In  the  simpler 
cases,  as  on  a  narrow  paved  road  with  ditches  on  each  side,  a  single 
pass  cleans  the  surface  and  disposes  of  the  contaminant  into  the  ditch 
where  its  effects  are  partially  shielded  out.  Wide  city  streets  demand 
multiple  pass  flushing  cycles  to  overcome  mass  build-up  and  to  move  the 
accumulated  material  from  along  cuibs  ard  gutters  to  collection  points. 


4 . 2  RECOM'ffiNCATIONS 


Since  the  present  scries  of  tests  represents  a  very  limited  effort, 
it  is  recommended  that  further  tests  be  run  to  explore  other  combinations 
of  flusher  adjustments  and  operating  techniques.  Hie  first  additional 
tests  should  be  made  to  determine  some  of  the  effects  of  forward  speed 
and  whether  it  must  be  accounted  for  in  acme  of  the  theoretical  equations. 

Further  work  should  be  done  to  determine  whether  a  combination  method 
(such  as  sweeping  followed  by  flushing)  might  show  some  merit.  Additi¬ 
onal  procedural  variations  of  street  flushing  to  suit  various  area  con¬ 
figurations  should  be  investigated.  Since  the  present  test  did  not 
verify  the  cleaning  equation  satisfactorily  and  the  current  data  is  not 
sufficient  to  establish  new  equations,  further  investigations  should  be 
made  to  verify  previous  equations,  or  new  equations  should  be  developed. 
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APPENDIX  A 


PREUMINAKC  TESTS 


To  determine  motorized  flushsr  adjustments  that  would  give  optimum 
performance,  a  series  of  70  preliminary  small-scale  tests  was  run.  'Hie 
tests  were  conducted  on  the  cone ret-  half  of  the  special  test  area  using 
noii-radioactive  synthetic  fallait  of  177-350  p  particle  size  range.  The 
following  flushing  procedure  was  used  for  all  preliminary  tests:  (l)  The 
flusner  speed  was  6  raph.  (2)  One  front  nozzle  was  used  at  40  psi.  (3) 
The  area  width  selected  was  such  that  the  cne  nozzle  used  would  provide 
complete  coverage  of  the  area  with  one  pass.  (4)  Each  pass  was  made  at 
the  prescribed  speed  and  the  water  jet  was  activated  only  within  the 
designated  length  of  a  specific  test  area.  (5)  A  weight  material  bal¬ 
ance  technique  was  used  to  obtain  quantitative  results.  Although  the 
weighing  technique  proved  to  be  unsatisfactory  for  the  main  series  of 
the  tests,  it  served  well  for  the  determination  of  optimum  settings  and 
usage  of  the  flusher  nozzles.  Significant  results  of  a  few  tests  are 
discussed  here. 

One  series  of  tests  was  run  to  determine  the  upper  limit  of  initial 
mass  level  that  could  be  removed  by  the  flusher.  Table  A.l  shows  results 
for  six  tests  which  indicate  that  the  limiting  mass  level  for  the  test 
conditions  used  is  somewhere  between  456  and  612  g/ft^.  Test  #14  at 
the  612  e/'ftr  initial  mass  level  presents  a  serious  buildup  and  drop¬ 
out  of  the  flushed  material.  Build-up  and  drop-out  of  flushed  material 
occurs  when  the  mass  loading  and  distance  flushed  is  such  that  the 
accumulated  material  can  no  longer  be  moved  by  the  force  of  water. 

The  actual  build-up  of  material  begins  when  flushing  begins.  As  the 
flushing  progresses  the  mass  build-up  of  material  eventually  exceeds 
the  ability  of  the  water  jet  to  transport  it  any  further.  At  this 
point,  drop  out  occurs  and.  the  material  is  redeposited  on  the  surface. 

The  increasing  efficiency  of  removal  (graras/gal)  with  a  maximum  at 
the  4th  pass  is  explained  by  the  materials  not  being  completely  wetted 
as  the  water  or  jet  passed  over.  The  speed,  mass  level,  and  water  floe 
rate  were  such  that  the  fallout  simulant  formed  wet  balls  that  rolled 
across  the  dry  sand  below.  The  most  efficient  flushing  was  achieved 
at  lower  mass  loadings  because  the  fallout  simulant  was  thoroughly 
wetted  before  the  main  impact  of  the  r.ozzle  Jet. 
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TABUS  A.l 


! 


Effect  of  Initial  Mass  Level  on  Flushing  Efficiency 


Test: 

Initial  Mass : 
(s/ft2) 

#15 

199 

#19 

193 

#16 

308 

#17 

312 

#52 

1+56 

#l!* 

612 

fass 

Grams  removed /gal  water 

1 

2503 

3106 

3260 

2972 

9240 

684 

2 

2018 

1222 

3361 

3755 

834 

3 

1374 

4 

1877 

5 

785 

6 

319 

Test  #52  was  used  to  measure  the  loss  of  material  -with  distance 
flushed.  Except  for  a  small  residual  mass,  the  450  g/ft2  mass  loading 
vas  ccurpletely  cleaned  uith  one  pass  of  the  flusher.  The  amount  of 
material  collected  and  weighed  from  areas  beyond  the  lO-f oat-long  test 
area  gave  some  indication  of  the  ability  of  the  flusher  to  transport 
material  beyond  the  immediate  contaminated  area.  For  the  single  pass 
over  the  area  the  amount  removed  as  a  function  of  distance  may  be  ex¬ 
pressed  in  terms  of  the  percent  drop  out  beyond  a  given  distance  os 
follows: 


..'ce  Flushed 

Drop-out 

(ft) 

(*) 

5 

7.2 

10 

28.4 

15 

51.  £ 

2D 

68.7 

25 

78.0 

30 

86.7 

Beyond 

95.4 

Due  to  the  limited  accuracy  of  weighing  the  drop-out  to  obtain  a 
material  balance,  4,6  ^  could  not  be  accounted  for.  These  results  indi¬ 
cate  an  operational  problem  associated  with  flushing  fallout,  since 
additonal  work  may  be  required  to  dispose  of  the  flushed  material. 
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APPENDIX  B 


PHYSICAL  AND  RADIOLOGICAL  PROPERTIES  OF  FALLOUT  SMUIAHT 


Four  batches  of  fallen., t  simulant  were  used  in  the  f lusher  evalua¬ 
tion  studies.  Each  batch  was  analyzed  to  determine  its  physical  and 
radiological  properties.  Hie  results  of  these  measurements  are  presented 
in  Tables  B.l  through  B.4. 

The  simulants'  nominal  particle  size  ranges  were  determined  as 
described  in  Section  2.5.  A  slight  increase  in  particle  size  was 
observed  after  the  sodium  silicate  sealant  was  added  to  physically  fix 
the  radionuclide  to  the  sand;  however  these  small  increases  in  the  par¬ 
ticle  size  range  did  not  affect  the  test  conditions  appreciably.  The 
specific  activity  (pe/g)  of  each  radioactive-tagged  batch's  sieve  frac¬ 
tions  vas  measured  in  the  •tit  ionization  chamber  (Fig.  2.8)  to  determine 
the  uniformity  of  tagging. 

The  intent  of  the  radionuclide -tagging  process  in  the  production  of 
fallout  simulant  was  to  obtain  a  constant  specific  activity  (pc/g)  for 
all  particles  in  a  nominal  particle  size  range.  If  ideal  togging  is 
achieved,  a  direct  relationship  between  radiation  intensity  and  residual 
mass  is  obtained  even  after  a  decontamination  method  has  been  applied. 

The  tagging  process  used  consists  of  spraying  a  solution  of  radio¬ 
active  LftDW  onto  the  surface  of  the  bulk  carrier  material.  If  uniform 
coverage  is  achieved  the  amount  (in  pc)  of  radioactivity  on  a  particle 
will  be  proportional  to  the  surface  area.  The  radioactivity  can  be  re¬ 
lated  to  volume  or  mass  (for  uniform  material  density)  for  spherical 
particles  of  diameter  d  as  follows: 

Activity  Surface  \  | 

Mass  =  Volume  j  “  (  K 

where  K  is  a  proportionality  constant  between  specific  activity  (pc/g) 
and  the  reciprocal  of  the  particle  diameter  (l/d).  If  this  idealised 
relationship  prevailed  in  practice,  a  plot  of  specific  activity  va.  the 
reciprocal  of  particle  diameter  would  be  a  straight  line  of  slope  K. 
However,  the  above  idealized  activity -mass  proportionality  to  particle 
diameter  is  altered  in  the  actual  tagging  process  because  particles  are 
non-spherical  or  agglomerated. 


itd‘ 
«d:>/6 


(1/d)  (B.l) 
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TAME  B.l 


Physical  and  Radiological  Properties  of  Fallout  Simulant 
Batch  No.  1  Having  a  Nctninal  Particle  Size  Range  350  p 
to  700  p 


Sieve  Size 

Weight  Analysis  (%) 

Radioactivity 

Analysis 

(« 

U.S.  Mesh 

Microns 

Raw 

Material 

Tagged 

Material 

25 

701 

0-3 

0.3 

0.2 

30 

589 

1.3 

0.9 

0.7 

35 

495 

l4.2 

12.4 

10.9 

ho 

417 

33.6 

30.2 

27.7 

45 

350 

48.1 

51.4 

52.4 

50 

295 

2.1 

3.1 

4.9 

Pan 

-295 

0.4 

1.7 

3.2 

Totals 

100.00 

100.00 

100.00 

Date  Batch  Mixed  8/ 28/ 61 

Specific  Activity  (pc/g) 
at  Mixing  Time  14.4 
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TABLE  B.2 


Physical  and  Radiological  Properties  of  Fallcut  Simulant 
Batch  No.  2  Having  a  Nominal  Particle  Size  Range  177  4 
to  350  u 


Sieve  Size 

Weight  Analysis  ($) 

Radioactivity 

Analysis 

(*> 

l.S.  Mesh 

Microns 

Raw 

Material 

Tagged 

Material 

40 

417 

0.4 

0.6 

0.4 

45 

350 

1.5 

2.6 

1.3 

50 

295 

8.1 

9.3 

5.3 

60 

246 

22.7 

25.7 

16.4 

80 

177 

4i.g 

45.1 

40.3 

100 

149 

17.  B 

12.0 

22.8 

Fan 

-149 

7.6 

4.7 

13.5 

Totals 

100.00 

100.00 

100.00 

Date  Batch  Mixed  9/ 6/ 61 

Specific  Activity  (pc/g) 
at  Mixing  Time  6.9 
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TABUS  B.3 


Pliysical  and  Radiological  Properties  of  Fallout 
Simulant  Batch  No.  3  Having  a  Nominal  Particle 
Size  Range  88  u  to  177  n 


Sieve 

Size 

Weight  Analysis  ( %) 

Radioactivity 

U.S.  Mesh 

Microns 

Raw 

Material 

Tagged 

Material 

Analysis 

(*) 

70 

208 

0.9 

0.8 

0.9 

Oo 

177 

1.3 

1.3 

1.8 

100 

149 

10.6 

28.6 

25.7 

120 

124 

25.6 

25.8 

21.1 

170 

88 

52.8 

40.7 

42.2 

200 

74 

7.9 

e.6 

7-3 

Item 

-Ik 

0.9 

0.2 

1.0 

Totals 

100.00 

100.00 

100.00 

Date  Batch  Mixed 

9/27/61 

Specific  Activity  (nc/g) 
at  Mixing  Time 

9.7 
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TABU!  B.4 


Rjy*icftl  and  Radiological  Fropertlea  of  Fallout  Slsulant 
Batch  Ho.  4  Having  a  Hcmlnal  Particle  size  Range  44  u 
to  88  ti 


Sieve  Size 
U.S.  Mesh  Microtia 


Weight  Analyala  (j) 
Raw  Tagged 

Material  Material 


Radioactivity 

Analjjrele 


190 

104 

2.6 

7.6 

10.2 

170 

88 

11.0 

15-7 

16.2 

200 

74 

31*2 

29.3 

25.6 

230 

62 

28.2 

25.7 

23.8 

270 

93 

n.7 

8.7 

8.8 

325 

44 

11.8 

9.9 

11.3 

Ban 

-44 

3*5 

3.0 

4.1 

Total* 

100.00 

100.00 

100.00 

Date  Batch  Mixed 

10/6/61 

Specific  Activity  (|i c/g) 

14.7 

at  Mixing  Tina 

60 


o 


u> 

cvi 


♦  t«t  o  a> 

~  mi  -  © 


(JMSd!  AilAliOV  CtiOSdS  3AliV't3ti 
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In  Pig.  3-1  relative  specific  activity  ($  activity/^  mass)  for  the 
sieve  fractions  of  each  batch  has  been  plotted  against  (l/d) ,  the  latter 
being  determined  from  the  sieve  fraction  iuid  sise  given  in  microns.  The 
straightness  of  the  lines  formed  by  segments  connecting  the  data  points 
of  each  batch  indicates  how  veil  Eq.  B.l  applies,  and  provides  a  com¬ 
parison  of  the  various  batches. 
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APPENDIX  C 


CORRECTED  RAW  TEST  DATA. 


Table  C.l  shows  corrected  counts/rainute  for  each  monitoring  station 
for  all  tests  where  radiation  measurements  were  taken.  The  concrete 
test  surface  coordinate  stations  were  B  U-Bll  and  C4-C11  inclusive; 
asphalt  test  surface  stations  were  E5-E12  and  F5-F12  inclusive  as  desig¬ 
nated  on  Pig.  2.10,  Two  one-minute  counts  were  averaged,  and  corrected 
for  instrument  response  and  decay.  Tests  with  the  same  zero  time  (same 
simulant  hatch)  may  be  compared  directly,  while  tests  from  different 
batches  must  be  corrected  for  different  specific  activities  given  in 
Tables  B.l  through  B.l*. 

Conversion  of  radiation  measurements  to  mass  was  achieved  as 
follows : 

(a)  Counts  at  16  stations  were  averaged  to  determine  one  count  for 
entire  test  surface  for  typical  initial,  1st  pass  and  2nd  pass  counts. 

(b)  Residual  (g/ft2)  = 

The  nozzle  pressures  used  in  the  tables  of  Appendix  C  are  as 


follows: 

Pass 

Nozzle  (psi) 

Nozzle  (psi) 

Nozzle  (psi) 

Left  Front 

Right  Front 

Right  Rear 

1st 

1*0 

1*0 

0 

2nd 

35 

35 

60 

3rd 

0 

35 

60 

1  g/XT.  ;  Iresldu 
initial  count 
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APPENDIX  D 


STREET  PLUSHER  SIECIPIGATIORS 


Truck;  CMC  Model  M73 

6-cylinder  gasoline  engine,  97  bp  at  3^50  HIM 

6-10.00X20  12  ply  tires  -  single  at  front;  dual  at  rear 

13.500  lb  gross  weight  empty 

28.500  lb  gross  vt  w/3000  gal  water 

1fcn> •  2000  gal  capacity,  oval  cross-sn. '-U:,  steel,  electrically 

welded,  flat  front  bead,  in-*-  '  braced  w/baffle  plates 

18  in.  diameter  manhole  w/gar-'  c-t 

overload  indicator  float 

3  in.  diameter  overflew 

2-1/2  diameter  firehose  filler  w/ coupling  and  swivel  connection 

Power  Pump  Unit;  Mounted  between  tank  and  truck  cab,  with  engine  choke, 
ignition  and  starter  switch  in  cab 

Engine:  Continental,  6-cylinder,  gasoline,  water  cooled  86  bp 
at  3250  HIM 

Pump:  Centrifugal,  500  GRi  at  to  psi 

Nozzles:  Standard  bronze  2-piece  horizontally  split  slot  type  2-1/2  in. 

flushing  nozzlCB  -  swivel,  adjustable  and  hand  locked  in 
position  or  angle  of  spray. 

The  two  at  front  used  in  tests  -  one  at  left  rear  used  for  cleanup 
of  test  area  side  splash  boards. 

Special  water  broom  brass  type  scaled  up  to  1-1/2  In.  size  from 
1  in.  firehose  type  developed  by  V.  L.  Owen  of  NHDL  for 
firehose  decontamination  studies. 

Valves :  2  in.  size  individually  controlled  by  lever  -  cable  system 

from  cab  for  any  operating  combination. 

Piping:  2-1/2  In.  diameter  aani folded  from  pump  outlet  through  valves 
to  nozzleB. 
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INITIAL  DISTRIBUTION 


Copiei 

NAVY 

2  Chief,  Bureau  of  Ships  (Code  210L) 

2  Chief;  Bureau  ef  Ships  (Codes  320-364A) 

1  Chief,  Bureau  of  Naval  Weapons  (Code  RHjSE-5) 

1  Chi  if  of  Naval  Operations  (0p-O7T10) 

1  Chief,  Bureau  of  Yards  ar<!  r'ock* 

1  Na/cJ.  Ccon^jsd  Systems  Support  Agency  (Code  22) 

1  Coordinator.  Marlr”  Corps  Landing  Force  Development  Activities 
1  CO- Mr. ,  Naval  Civil  Engineering  Laboratory 

1  OiC ,  Naval  School  Civil  Engineer  Corps  Officers 

ARMY 

1  CG,  Combat  Developments  Command,  Fort  Belvolr 

1  A rmr  Nuclear  Defense  Laboratory  (J- Maloney) 

3  Amy  Library,  flivil  Defense  Unit 

1  Assistant  Secretary  of  the  Arty  (Research  and  Developamut) 

2  Amy  Logistics  Management  Center 

60  Office  of  Civil  Defense  (Ass't  Dir.  for  Research) 

AIR  FORCE 

1  Air  Force  Office  of  Civil  Engineering  (Bohannon) 

OTHER  POD  ACTIVITIES 

1  Conmander,  FC/DASA,  Albuquerque 

1  Office  of  Emergency  Planning  (Coker) 

1  Dir.,  Advanced  Reaearch  Projects  Agency 
20  Defense  Documentation  Center 

ABC  ACTIVITIES  AND  OTHERS 

1  Advance  Research  Inc.  (Fern aid) 

1  American  Institute  for  Research 
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1  Civil  Defense  Training  Program  (McConnell) 

1  Engineering  Science  Incorporated  (Ludvig) 

1  Hanford  Laboratories  (Bustad) 

1  Hudson  Institute  (Kahn) 

1  ITT  Research  Foundation  (Sevin) 

1  Isotopes  Incorporated  (Kulp) 

1  FARM  Project 

2  Research  Triangle  Institute  (Parson,  Ryan) 

1  Robt.  A.  Taft  Sanitary  Engineering  Center  (Dir.) 

2  Stanford  Research  Institute  (Miller,  I*e) 

1  Technical  Operations  Incorporated  (Clarke) 

1  United  Research  Services  (Kaplan) 

1  U.S.  Department  of  Agriculture 

1  U.S.  Department  of  Coesserce,  Water  and  Sewage 

1  U.S.  Public  Health  Service  (Terrell) 

3  U.S.  Public  Health  Service,  Washington 

1  Wheeler  and  Camurano  (M.  Caomarano) 

15  Technical  Information  Division,  Oak  Ridge 

USHRDL 

35  Technical  Information  Division 


DISTRIBUTION  DATE:  16  February  19^5 
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